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DESCRIPTION 

A CURRENT SOURCE CIRCUIT, A SIGNAL LINE DRIVER CIRCUIT AND A 
DRIVING METHOD THEREOF AND A LIGHT EMITTING DEVICE 

5 

TECHNICAL FIELD 

The present invention relates to a current source to supply a constant current 
and a current source circuit having a current source. Further, the invention relates to a 
signal line driver circuit provided with a current source and a light emitting device 
10 provided with a signal line driver circuit. The invention also relates to a driving 
method of a current source circuit and a signal line driver circuit. 

BACKGROUND ART 

In recent years, a light emitting device using a self-luminous element has been 

15 advanced in research and development and drawing a great deal of attention as a next 
generation display. This self-luminous element has an element structure that a layer 
containing an organic compound is sandwiched between an anode and a cathode. 

One of driving methods in the case of displaying a multi gray scale image with a 
light emitting device using a self-luminous element is a current input method. In this 

20 current input method, current value data is written to a self-luminous element as a signal 
to control luminance. The luminance is in proportion to a current supplied to the 
self-luminous element (hereinafter simply referred to as a signal current), therefore, the 
signal current is required to be accurately supplied to the self-luminous element. 
However, as the characteristics of active elements (specifically transistors) configuring a 

25 power supply for supplying a signal current vary, it is difficult to input an accurate 
signal current to the self-luminous element. 

To solve a problem that the luminance non-uniformity due to variations in 
characteristics of thin film transistors (TFTs) and OLEDs in a driving method of current 
input, a configuration has been suggested in which a current specification type AM 

30 drive pixel circuit using a polysilicon transistor and a DAC circuit having a reset 
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function are provided to OLED as a driving method by the current input method. It is 
also disclosed that a channel length is designed long, and the like. 
[Non-Patent Document 1] 

Reiji Hattori and three others, "Technical Report of Institute of Electronics, 
5 Information and Communication Engineers", ED 2001-8, pp. 7-14, "Circuit Simulation 
of Current Specification Type Polysilicon TFT Active Matrix-Driven Organic LED 
Display" 

DISCLOSURE OF THE INVENTION 

10 [Problems to be solved by the Invention] 

Nevertheless, the configuration designed for suppressing the variation of a 
current source disclosed in the aforementioned document is required to satisfy various 
conditions. Further, transistors vary in their element characteristics due to the 
non-uniformity in thickness of a semiconductor film and gate insulating film laminated 

15 in the manufacturing process and patterning precision and the like. Moreover, in the 
case of a polysilicon transistor, crystallinity varies due to a defect in crystal growth 
direction and crystal grain boundary. Therefore, it is not sufficient just to lengthen 
channel length. 

In consideration of the variations in characteristics of the transistors, particularly 
20 poly-silicon transistors, the invention provides a current source circuit having a current 
source which is not dependent on the variation in characteristics thereof. The 
invention also provides a signal line driver circuit having a current source circuit and 
the driving method thereof, and a light emitting device provided with a signal line driver 
circuit. 

25 [Means for solving the Problem] 

In order to achieve the aforementioned goal, according to the invention, it 
characterized in that a signal current value (output current value) to be supplied from a 
current source circuit having a plurality of current sources disposed on each wiring 
(output line, specifically a signal line and the like) is set so that a predetermined signal 

30 current can be supplied by using a reference constant current source (inputted from 
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outside), and further an electrical connection between a wiring through which a signal 
current is outputted (hereinafter simply referred to as an output line) and a power supply 
line is changed over in each certain period (fixed period). 

Specifically, it characterized in that the current source circuit of the invention 
5 comprises a means for setting a signal current value supplied from a current source and 
a means for changing over an electrical connection between an output line and a power 
supply in each certain period. 

According to the invention, the variations are decreased due to the setting (also 
referred to as programming) of a signal current. Thus, it characterized that the 

10 variations can be averaged to eliminate the effect of the variations of signal current by 
changing over, even if some variations occur. 

Furthermore, the electrical connection between the output line and the current 
source does not refer to a physical connection, but refers to a conductive state between 
the output line and the power supply. That is, when a transistor disposed between the 

15 output line and the power supply is conductive, the output line and the current source 
are referred to as being electrically connected. Therefore, the output line and a 
plurality of power supplies are connected through a transistor, and the power supply is 
electrically connected to the output line only when the transistor is conductive. 
[Effect of the Invention] 

20 A signal line driver circuit which is not dependent on the variations in 

characteristics of the transistors, in particular polysilicon transistors can be provided by 
using a changing over circuit and a current source circuit of the invention having a 
function to supply a set current to a pixel. Further, the invention provides a driving 
method of the signal line driver circuit which is not dependent on the variations in 

25 characteristics of the transistors of the current source circuit, and a light emitting device 
provided with a signal line driver circuit. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is diagram showing configurations of the current source circuit of the 
30 invention. 
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FIG. 2 is a diagram showing a configuration of the current source circuit of the 
invention. 

FIG. 3 is diagram showing configurations of the current source of the invention. 
FIG. 4 is diagram showing configurations of the current source of the invention. 
5 FIG. 5 is diagram showing configurations of the signal line driver circuit of the 

invention. 

FIG. 6 is diagram showing configurations of the signal line driver circuit of the 
invention. 

FIG. 7 is diagram showing configurations of the signal line driver circuit of the 
10 invention. 

FIG. 8 is a diagram showing a configuration of the signal line driver circuit of 
the invention. 

FIG. 9 is a diagram showing a configuration of the signal line driver circuit of 
the invention. 

15 FIG. 10 is a diagram showing a configuration of the signal line driver circuit of 

the invention. 

FIG. 11 is a diagram showing a configuration of the signal line driver circuit of 
the invention. 

FIG. 12 is a diagram showing a configuration of the signal line driver circuit of 
20 the invention. 

FIG. 13 is a diagram showing a configuration of the signal line driver circuit of 
the invention. 

FIG. 14 is a timing chart of the signal line driver circuit of the invention. 
FIG. 15 is a timing chart of the signal line driver circuit of the invention. 
25 FIG. 16 is diagram showing pixel configurations of the light emitting device of 

the invention. 

FIG. 17 is diagram showing the light emitting device of the invention. 
FIG. 18 is views of electronic apparatuses to which the light emitting device of 
the invention is applied. 

30 



5 



BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiment modes of the invention are hereinafter described with reference to 
the drawings. 
[Embodiment Mode 1] 

5 A means for setting a signal current value supplied from the current source of 

the invention and the current source circuit, and a means for changing over an electrical 
connection between an output line and a current source in each certain period 
(hereinafter simply referred to as a changing over circuit) are described with reference 
to FIGS. 1 and 2. Note that FIGS. 1 and 2 show a current source circuit in the 

10 periphery of an output line 1™, L(ni + 1), and L( m + 2 ) of from m-th row to (m + 2)th row. 
Also, FIGS. 1 and 2 show a changing over circuit schematically by a plurality of 
terminals and a switch (sw) 130 for specifying the terminal. 

In FIG. 1(A), a power supply circuit 100 comprises power supplies C, C( n + i), 
and C( n + 2)and a changing over circuit 115, and the power supplies Qn + i> and Q n + 

15 2 ) are connected to output lines Lm, L( m + 1>, and L< m + 2 > through the changing over circuit 
115. The power supplies C, C (n + 1>, and C (n + 2) are connected to a reference constant 
current source 110 through a current line 131. Note that the reference constant current 
source 110 may be integrally formed on a substrate with a circuit, or inputted a constant 
current by using an IC and the like from outside of the substrate. 

20 According to means for setting a signal current value outputted from the 

current source, specifically, configuration that setting signal (signal) is inputted to the 
power supplies C n , Qn+i), and C( n+ 2), subsequently, on the basis of this setting signal, the 
current is supplied to the power supplies Cn, C( n+ i), and C( n +2) from the reference current 
source 110. By this configuration, set signal current (hereinafter simply referred to as 

25 set current) can be supplied from the current sources. Furthermore, an electrical 
connection between the output lines Lm, L( m + 1), and L( m + 2) and the power supplies C, 
C (n + 1), and C (n + 2) is changed over by the changing over circuit 115 in each certain 
period. 

FIG. 1(B) shows the case where the connection of the changing over circuit is 
30 different than the one in FIG. 1(A). The changing over circuit in FIG. 1(B) changes 
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three current sources and three output lines together as one set. Other configurations 
are similar to the one in FIG. 1(A), therefore, the description is omitted here. 

In the case where the current sources and the output line are changed over 
together as one set as shown in FIG. 1(B), connecting wirings can be simply designed. 
5 Moreover, when performing a display, particularly, variations of the signals outputted 
from adjacent output lines in particular are easily recognized. Therefore, the effect of 
the invention can be achieved even with a connecting configuration to change over the 
current source and the output line together as one set. 

In this manner, the changing over circuit of the invention is not limited in its 
10 connection configuration as long as it has a function to change over the current sources 
and the output line. 

Further, the changing over means can be applied to a reference circuit as well. 
That is to say, variations of a signal current, that is of a set current can be decreased by 
changing over the current source as a reference. 

15 According to the invention shown in FIG. 1, variations of signal current which 

are visible to human eyes can be almost completely removed by using a means for 
setting a signal current value outputted from such current sources and by using a 
changing over circuit. Therefore, according to the current source circuit of the 
invention, a display unevenness of a light emitting device can be almost completely 

20 removed. 

A current source circuit of the invention having a different configuration than 
the one in FIG. 1 is described with reference to FIG. 2. 

FIG. 2 is different than FIG. 1 in the respect that a plurality of current sources 
are provided for each output line in a current source circuit 120, and those current 
25 sources are connected to a control line 132. Here, it is assumed hypothetically that two 
current sources (first current sources C n , C (n + 1), Q n + 2), and second current sources C n , 
C (n + 1), and C\ n + 2)) are provided. Other configurations are similar to the one in FIG. 
1(A), therefore the description is omitted here. 

By providing a first current source and a second current source to each output 
30 line, the current source can alternately perform both of a set operation for setting a 
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signal current on the basis of a set signal and an output operation for supplying a set 
current from the current source to the output line through the changing over circuit. 
Therefore, the set operation and an input operation can be performed at the same time 
per output line. By performing the set operation and the output operation with each 
5 current source in this manner, the set operation can be spent a lot of time performing. 
It should be noted that signals from a control line control whether the first current 
source and the second current source performs the set operation or the output operation. 

It is needless to say that a connection of the changing over circuit shown in FIG. 
1(B) can be applied to the changing over circuit shown in FIG. 2. Also, the changing 

10 over circuit of the invention can be applied to the reference circuit as well. That is, a 
plurality of current sources provided in the reference circuit may be changed oyer by the 
changing over circuit so that uniform signals can be supplied. 

According to the invention shown in FIG. 2, the set operation for setting a 
signal current value outputted from the current source can be spent a lot of time 

15 performing. Further, variations of signal current which are visible to human eyes can 
be almost completely removed by a current source circuit having the changing over 
circuit. Therefore, a display unevenness of a light emitting device can be almost 
completely removed by the current source circuit of the invention. 

The set operation of the invention can be performed for an arbitrary period of 

20 time, at an arbitrary timing, and arbitrary number of times. The timing of the set 
operation can be arbitrarily controlled by a pixel configuration (current source circuit 
disposed in a pixel) or a configuration of the current source circuit and the like disposed 
in a signal line driver circuit. As for the number of times to perform the set operation, 
it may be performed at least once when starting the operation by supplying current to 

25 the signal line driver circuit. However, data obtained as a signal current may in fact 
leak by the set operation, therefore, the set operation is desirably performed a plurality 
of times. 

The set operation can be performed for an arbitrary period of time by 
specifying a current source disposed in an arbitrary column among from the first to the 
30 last columns by using a video signal. Then, a current source which requires the set 
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operation can be specified among the current sources disposed in a plurality of columns 
and the set operation can be spent a lot of time performing, to the specified current 
source. As a result, an accurate set operation can be performed. 

A set operation can be performed sequentially from the current source of the 
5 first column to the one of the last column. At this time, the set operation is desirably 
performed randomly, not from the first column in order. Accordingly, the time to 
perform the set operation to the current source becomes free and can be performed for a 
long time. For example, in the case of performing the set operation in one frame 
period, the set operation of one column of current source can be performed by 
10 consuming one frame. Further, an effect of the leakage of charge in a capacitor 
disposed in the current source can be less noticeable. 

Described with reference to FIGS. 1 and 2 are the case of supplying a signal 
current which is in proportion to a video signal to an output line, however, a set current 
may be supplied to a different wiring than the output line. 
15 Next, a changing over circuit is described. The changing over circuit is not 

limited in its connecting configuration as long as it has a function to change over as 
shown in a timing chart of FIG. 11. As shown in FIG. 11(A), an inverted signal is 
inputted to each of signal input lines A(l), A(l)b, A(l + 1) and A(l + l)b, and A(l + 2) 
and A(l + 2)b of the changing over circuit and they are sequentially selected. At this 
20 time each analog switch and the like connected to the selected signal input line are 
turned ON and a current source and an output line connected to the analog switch 
which is turned ON are electrically connected. 

FIG. 11(B) shows a state of changing over a connection between each of the 
output lines L™, L( ra + 1), and L( m + 2 ) and each of the current sources Q n - 1), d, Qn + 1> 
25 Qn + 2), and C (n + 3) according to the selected signal input line. 

First, when the signal input lines A(l) and A(l)b are selected, the output line Lm 
is electrically connected to the current source C (n - i), the output line L( m + i } is 
electrically connected to the current source Q, and the output line L( m + 2 ) is 
electrically connected to C( n + 1). 
30 Next, when the signal input lines A(l + 1) and A(l + l)b are selected, the output 
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line Lm is electrically connected to the current source C n , the output line L< m + x) is 
electrically connected to the current source Q n + i)> and the output line L( m + 2) is 
electrically connected to Q n + 3). 

Subsequently, when the signal input line A(l + 2) and A(l + 2)b are selected, 
5 the signal input line Lm is electrically connected to the current source C (n + 1> the signal 
input line L( m + i) is electrically connected to the current source C (n + 2), and the signal 
input line L< m + 2) is electrically connected to C (n + 3). 

A connection of the output line and the current source is changed over by the 
changing over circuit of the invention, therefore, an effect of variations in characteristics 
10 of the transistors configuring the current source, polysilicon transistors in particular can 
be decreased. That is, the output line for supplying a signal current is changed over 
sequentially even when signal current value varies, therefore, the variations are 
averaged in terms of time and become visibly uniform to human eyes. 

Note that the configuration of the power source circuit of the invention can be 
15 applied to a signal line driver circuit and other circuits. Further, it can be applied not 
only to a line sequential drive, but to a dot sequential drive as well. 

The invention can be used when performing a digital gray scale display of one 
bit or a plurality of bits. 

It should be noted that it is one of the features of the invention to decrease the 
20 variations of signal current. Other than a thin film transistor, a transistor using a single 
crystal, a transistor using SOI, or an organic transistor can be applied as a transistor to 
be decreased the variations in characteristics. 
[Embodiment Mode 2] 

In this embodiment mode, a circuit configuration of the power supply 
25 described in FIGS. 1 and 2 is described. 

FIG. 3 shows one current source in which (a) is connected to a set signal, (b) is 
connected to a reference constant current source (constant current source) 110, and (c) is 
connected to a changing over circuit. Specific examples of an equivalent circuit of the 
current source are shown in FIGS. 3(A) to 3(E). 
30 In FIG. 3(A), a circuit including switches: sw301, sw302, and sw303 and a 



transistor 305 (n-channel type) and a capacitor 309 which holds a gate-source voltage 
V G s of the transistor 305 corresponds to a current source. It should be noted that the 
capacitor 309 may be substituted by a gate capacitance of a transistor and the like. 
That is to say, in the case where a gate capacitance of a transistor is large and the 
5 amount of leak current from each transistor is acceptable, a capacitor is not required to 
be provided. 

In the current source shown in FIG. 3(A), a set signal is inputted from (a) and 
sw302 and sw303 are turned ON. Then, current is supplied from the constant current 
source 110 through (b). A charge is held in the capacitor 309 until the supplied current 

10 becomes equal to a drain current of the transistor 305. Further, when the transistor 305 
is set to operate in a saturation region, a constant current can be supplied to a light 
emitting element even when a source-drain voltage changes. 

Subsequently, when a signal to turn OFF sw302 and sw303 is inputted from (a), 
an inverted signal by an inverter is inputted and sw301 is turned ON. Then, as the 

15 signal current is held in the capacitor 309, the transistor 305 has a function to flow a 
signal current. Then, a certain output line is selected by the changing over circuit, and 
a signal current is supplied to the selected output line from the current source through 
(c). 

At this time, a gate voltage of the transistor 305 is maintained at a 
20 predetermined gate voltage by the capacitor 309, therefore, a drain current 
corresponding to the signal current flows in a drain region of the transistor 305. In this 
manner, a signal current (set current) is set and an output line to which a set current is 
supplied is changed over in each certain period by using the changing over circuit. 

It should be noted that a connection of sw302 and sw303 is not limited to the 
25 configuration shown in FIG. 3(A) as long as it is controlled by a set signal. 

In FIG. 3(B), a circuit comprising switches: sw311 and sw312, a transistor 315 
(n-channel type), a capacitor 319 which holds a gate-source voltage Vgs of the transistor 
315, and a circuit having a transistor 316 (n-channel type) corresponds to a current 
source. The capacitor 319 may be substituted by a gate capacitance of a transistor and 
30 the like. That is to say, in the case where a gate capacitance of a transistor is large and 



the amount of leak current from each transistor is acceptable, a capacitor is not required 
to be provided. 

In the current source shown in FIG. 3(B), a set signal is inputted from (a) and 
sw311 and sw312 are turned ON. Then, current is supplied from a constant current 
5 source 110 through (b). A charge is held in the capacitor 319 until the supplied current 
becomes equal to a drain current of the transistor 315. When sw312 is turned ON, a 
gate-source voltage V G s of the transistor 316 becomes 0 V, therefore, the transistor 316 
is turned OFF. 

Subsequently, when a signal to turn OFF sw311 and sw312 is inputted from (a), 
10 a gate-source voltage Vgs of the transistor 316 is generated and the transistor 316 is 
turned ON. Then, a signal current is held in the capacitor 319, therefore, the transistor 
315 has a function to flow the signal current. Then, a certain output line is selected by 
the changing over circuit, and a signal current is supplied to the selected output line 
from the current source through (c). 
15 At this time, a gate voltage of the transistor 315 is maintained at a 

predetermined gate voltage by the capacitor 319, therefore, a drain current 
corresponding to the signal current flows in a drain region of the transistor 315. 
Further, by setting the transistor 315 to operate in a saturation region, a constant current 
can be supplied to a light emitting element even when a source-drain voltage changes. 
20 In this manner, a signal current (set current) is set and an output line to which a set 
current is supplied is changed over in each certain period by using the changing over 
circuit. 

In FIG. 3(C), a circuit comprising switches: sw321 and sw322, transistors 325 
and 326 (n-channel type), a capacitor 329 which holds a gate-source voltage V G s of the 
25 transistors 325 and 326 corresponds to a current source. The capacitor 329 may be 
substituted by a gate capacitance of a transistor and the like. That is to say, in the case 
where a gate capacitance of a transistor is large and the amount of leak current from 
each transistor is acceptable, a capacitor is not required to be provided. 

In the current source shown in FIG. 3(C), a set signal is inputted from (a) and 
30 sw321 and sw322 are turned ON. Then, current is supplied from a constant current 
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source 110 through (b). A charge is held in the capacitor 329 until the supplied current 
becomes equal to a drain current of the transistor 325. At this time, gate electrodes of 
the transistors 325 and 326 are connected, therefore, gate voltages of the transistors 325 
and 326 are held by the capacitor 329. 
5 Subsequently, a signal to turn OFF sw321 and sw322 is inputted from (a). 

Then, a signal current is held in the capacitor 329, therefore, the transistor 326 has a 
function to flow the signal current. Then, a certain output line is selected by the 
changing over circuit, and a signal current is supplied to the selected output line from 
the current source through (c). 

10 At this time, a gate voltage of the transistor 326 is maintained at a 

predetermined gate voltage by the capacitor 329, therefore, a drain current 
corresponding to the signal current flows in a drain region of the transistor 326. 
Further, by setting the transistors 325 and 326 to operate in a saturation region, a 
constant current can be supplied to a light emitting element even when a source-drain 

15 voltage changes. In this manner, a signal current (set current) is set and an output line 
to which a set current is supplied is changed over in each certain period by using the 
changing over circuit. 

At this time, in order to flow a drain current corresponding to the signal current 
to the drain region of the transistor 326 accurately, it is required that the characteristics 

20 of the transistors 325 and 326 are the same. In particular, values of mobility, threshold 
and the like of the transistors 325 and 326 are required to be the same. In FIG. 3(C), a 
set current which is in proportion to the current supplied from the constant current 
source 110 may flow to a pixel by arbitrarily setting values of W(gate width)/L(gate 
length) of the transistors 325 and 326. 

25 Current sources shown in FIGS. 3(D) and 3(E) are different than the current 

source shown in FIG. 3(C) in their connecting configurations of sw322, however, the 
connecting configurations of the other circuit elements are the same. The operations 
of the current sources shown in FIGS. 3(D) and 3(E) are the same as the one of the 
current source shown in FIG. 3(C), therefore, the description is omitted in this 

30 embodiment mode. 
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In the current source shown in FIG. 3, current flows in the direction from a 
pixel to the current source. However, current may flow in the direction from the 
current source to the pixel as well. Note that whether current flows in the direction 
from a pixel to the current source or in the direction from the current source to the pixel 
5 depends on a pixel configuration. In the case where current flows in the direction from 
the current source to the pixel, Vss may be changed to Vdd and the transistors 305, 315, 
316, 325 and 326 may be changed to p-channel type in the circuit diagram shown in 
FIG. 3. 

The direction of current flow (direction from the pixel to the current source) is 

10 similar in FIGS. 3(A) and 3(C) to 3(E), and the polarity of the transistors can be 
changed to p-channel type as well. FIGS. 4(A) and 4(B) to 4(D) show circuit 
configurations of current sources in which the directions of current flow are the same 
and the transistors 305, 325 and 326 shown in FIGS. 3(A) and 3(C) to 3(E) are changed 
to p-channel type. The circuit configurations shown in FIG. 4 are different than the 

15 ones in FIG. 3 mainly in the respect of connections of switches and capacitors. 

In this manner, the polarity of the transistors configuring the current source of 
the invention may be either n-channel type or p-channel type. Further, in the case of 
flowing current in the direction from the current sources to the pixels in the circuit 
diagrams shown in FIG. 4, Vss may be changed to Vdd and transistors 405, 425 and 426 

20 may be changed to n-channel type. 

By using the current source circuit in which a set signal is inputted to the 
current source and a set current is supplied from the current source according to the set 
signal, and an electrical connection between the current source and the output line is 
changed over by the changing over circuit, variations in characteristics of the transistors 

25 configuring the current source, in particular polysilicon transistors can be suppressed. 
Therefore, according to the current source circuit of the invention, display unevenness 
of the light emitting device can be almost completely removed. 
[Embodiment Mode 3] 

In this embodiment mode, a specific example of the configuration of a signal 

30 line driver circuit having a current source circuit is described. 
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FIG. 5(A) is a schematic diagram of a signal line driver circuit in the periphery 
of signal lines of from m-th column to (m + 2)th column. A signal line driver circuit 
503 comprises a plurality of current sources 510, a changing over circuit 511, a current 
source circuit 531 having a plurality of switches 505, a shift register 501, a first latch 
5 circuit 502, and a second latch circuit 503. A set signal is inputted from the changing 
over circuit 511 to a pixel through current output lines S m » S( m + l)y and S (m + 2). 

First, operations of the shift register 501, the first latch circuit 502 and the 
second latch circuit 503 are described. The shift register 501 is configured by using a 
plurality of columns of flip-flop circuit (FF) and the like, and inputted with a clock 
10 signal (S-CLK), a start pulse (S-SP), and a clock inverted signal (S-CLKb). In 
accordance with the timing of these signals, sampling pulses are sequentially outputted. 

The sampling pulse outputted from the shift register 501 is inputted to the first 
latch circuit 502. The first latch circuit 502 is inputted with digital video signals. 
The first latch circuit 502 holds a video signal in each column in accordance with the 
15 timing at which sampling pulses are inputted. 

After video signals are held to the last column in the first latch circuit 502, a 
latch pulse is inputted to the second latch circuit 503 in a horizontal retrace period, and 
the video signals held in the first latch circuit 502 are transferred to the second latch 
circuit 503 all at once. Then, one row of the video signals held in the second latch 
20 circuit 503 are inputted to the plurality of switches 505 of the current source circuit at 
the same time. 

While the video signals held in the second latch circuit 502 are inputted to the 
plurality of switches 505 of the current source circuit, sampling pulses are outputted 
from the shift register 501 again. This operation is repeated to process one frame of 
25 video signals. Note that the current source circuit may convert digital signals into 
analog signals. 

The set signal to be inputted to the plurality of current sources 510 is described. 
The plurality of current sources 510 are supplied with a predetermined signal current 
from a reference constant current source 509 through a current line 532 according to the 
30 set signal, and the current sources 510 are set in accordance with the timing of the set 
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signals. Note that the set signals in this embodiment mode correspond to sampling 
pulses supplied from the shift register 510 or signals supplied from an output terminal 
of a logic operator connected to a set control line (not shown in FIG. 5(A)). Note that 
one of the two input terminals of the logic operator is inputted with a sampling pulse of 
5 the shift register and the other is inputted with a signal from the set control line. In the 
logic operator, a signal is outputted by performing logical operations on two inputted 
signals. The logic operator can change over the case of using the video signals for 
controlling the pixel (displaying an image) and the case of using the video signals for 
controlling the current source. 

10 The sampling pulse or the signal supplied from the output terminal of the logic 

operator connected to the set control line is supplied to the plurality of current sources 
510 depending on the configuration of the current source. More specifically, in the 
case where the plurality of current sources 510 are configured by FIG. 3(A) or 3(B), the 
signal supplied from the output terminal of the logic operator connected to the set 

15 control line corresponds to a set signal. Further, in the case where the plurality of 
current sources 510 are configured by FIG. 3(C), 3(D), or 3(E), the sampling pulse from 
the shift register corresponds to a set signal. 

When a High video signal is inputted to a switch 505, a set current is supplied 
from the current source 510 to a signal line. On the other hand, when a Low video 

20 signal is inputted to the switch 505, a set current is not supplied to the signal line. That 
is to say, the current source 510 has a function (V G s) to supply a set current, and 
whether or not to supply a set current to the pixel is controlled by the switch 505. 

After that, an electrical connection between the current source and the signal 
line is changed over in each certain period by the changing over circuit 511. 

25 The current source in this embodiment mode can arbitrarily employ any of the 

configurations of the current sources shown in FIGS. 3 and 4. Also, the current source 
circuit may employ different configurations in combination as well as employing a 
single configuration. 

Described with reference to FIG. 5(A) is the case of supplying a signal current 

30 which is in proportion to the video signal to the output line, however, a set current may 



be supplied to a different wiring than the signal line as shown in FIG. 5(B). 

FIG. 5(B) shows a configuration in which a video signal is supplied from the 
second latch circuit 503 to a video signal line of a pixel and a set current is supplied 
from the current source to a current output line which is connected to the pixel through 
5 a changing over circuit. In FIG. 5(B), sw505 is not required to be disposed. Then, a 
video signal is inputted from the second latch circuit 503 to the pixel through video 
lines B m , B (m + 1 )? and B (m + 2 y The other configurations are similar to the ones in FIG. 
5(A), therefore, the description is omitted here. 

In this manner, the variations of signal current can be almost completely 
10 removed by using the current source for supplying a set current and the changing over 
circuit. Therefore, a display unevenness of the light emitting device can be almost 
completely removed by the signal line driver circuit in this embodiment mode. 
[Embodiment Mode 4] 

In this embodiment mode, a specific example of the configuration of a signal 
15 line driver circuit of which set signal corresponds to a latch pulse, that is different than 
Embodiment Mode 2 is described. 

FIG. 6(A) shows a schematic diagram of a signal line driver circuit in the 
periphery of signal lines of from m-th column to (m + 2)th column. The signal line 
driver circuit comprises a plurality of current sources 610, a current source circuit 
20 having a changing over circuit 611, a shift register 601, a first latch circuit 602, and a 
second latch circuit 603. A switch 605 for controlling whether or not to supply a set 
signal from the current source is also provided. The set signal is inputted from the 
changing over circuit 611 to a pixel through current output lines and S (m + 2). 

A video signal is not directly inputted to the current source circuit, but through 
25 a logic operator 633 because the video signal is used for controlling the pixel as well. 
That is to say, a set signal inputted from a terminal a corresponds to a signal supplied 
from an output terminal of a logic operator connected to a set control line. 

The set signal in this embodiment mode corresponds to a signal supplied from 
the logic operator connected to a set control line (not shown in FIG. 6(A)). One 
30 terminal of the logic operator is inputted with a signal supplied from the second latch 
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circuit 603 (corresponds to a video signal) and the other is inputted with a signal from 
the set control line. The logic operator performs logical operations of two inputted 
signals to output the set signal. In this embodiment mode, the current sources 610 are 
set in accordance with the signals supplied from the logic operator connected to a set 
5 control line. 

As in Embodiment Mode 2, when a High video signal is inputted to the switch 
605, a set current is supplied from the current source 610 to the signal line. On the 
other hand, when a Low video signal is inputted to the switch 605, a set current is not 
supplied to the signal line. That is to say, the current source 610 has a function (V G s) 

10 to supply a set current, and whether or not to supply a set current to the pixel is 
controlled by the switch 605. 

After that, an electrical connection between the current source and the signal 
line is changed over in each certain period by the changing over circuit 611. 

The current source can arbitrarily employ any of the configurations of the 

15 current sources shown in FIGS. 3 and 4. Also, the current source circuit may employ 
different configurations in combination as well as employing a single configuration. 

In this embodiment mode, a set signal is inputted to the current sources 610 by 
using two signals: a signal (video signal) outputted from the second latch circuit 603 
and a signal outputted from the set control line. Therefore, the set operation can be 

20 performed by specifying an arbitrary current source among the plurality of current 
sources 610, that is different than the case of sampling pulse. 

Described with reference to FIG. 6(A) is the case of supplying a signal current 
which is in proportion to a video signal to an output line, however, a set current may be 
supplied to a different wiring than the output line. 

25 FIG. 6(B) shows a circuit configuration in which a video signal is supplied to a 

video signal line of a pixel through a logic operator and a set current is supplied from 
the current source through the changing over circuit to the current output line which is 
connected to the pixel. In the case of FIG. 6(B), SW605 is not required to be disposed. 
The video signals are inputted to the pixels from a logic operator 633 through video 

30 lines B m , B (m + 1 } , and B (m + 2 ). The other configuration are similar to the ones in FIG. 



6(A), therefore, the description is omitted here. 

Further, the variations of signal current can be almost completely removed by 

using the current source for supplying a set current and the changing over circuit. 

Therefore, a display unevenness of the light emitting device can be almost completely 
5 removed by the signal line driver circuit in this embodiment mode. 

[Embodiment Mode 5] 

Subsequently, a specific example of the configuration of a signal line driver 

circuit provided with a plurality of shift registers, that is different than Embodiment 

Modes 2 and 3 is described. 
10 FIG. 7(A) shows a schematic diagram of a signal line driver circuit 730 in the 

periphery of signal lines of m-th column to (m + 2)th column. The signal line driver 

circuit comprises a plurality of current sources 710, a current source circuit 731 having 

a changing over circuit 711, a first shift register 701, a second shift register 702, a first 

latch circuit 703, and a second latch circuit 704. A switch 705 for controlling whether 
15 or not to supply a set signal from the current source is also provided. The set signal is 

inputted from the changing over circuit 711 to a pixel through current output lines S m , 

S( m + 1), and S( m + 2). 

A sampling pulse outputted from the first shift register 701 is inputted to the 
current sources 710. The set signal in this embodiment mode corresponds to the 
20 sampling pulse. 

The sampling pulse outputted from the second shift register 702 is inputted to 
the first latch circuit 703. After that, the first latch circuit 703 and the second latch 
circuit 704 perform a similar operation to Embodiment Mode 2, and one row of the 
video signals held in the second latch circuit 704 are inputted to the plurality of switches 
25 705 of the current source circuit 731 at the same time. 

As in Embodiment Mode 2, when a High video signal is inputted to a switch 
705, a set current is supplied from the current source 710 to a signal line. On the other 
hand, when a Low video signal is inputted to the switch 705, a set current is not 
supplied to the signal line. That is to say, the current source 710 has a function (Vgs) 
30 to supply a set current, and whether or not to supply a set current to the pixel is 



controlled by the switch 705. 

After that, an electrical connection between the current source and the signal 
line is changed over in each certain period by the changing over circuit 711. 

The current source in this embodiment mode can arbitrarily employ any of the 
5 configurations of the current sources shown in FIGS. 3 and 4. Also, the current source 
circuit may employ different configurations in combination as well as employing a 
single configuration. 

Described with reference to FIG. 7(A) is the case of supplying a signal current 
which is in proportion to the video signal to the output line, however, a set current may 
10 be supplied to a different wiring than the signal line as shown in FIG. 7(B). 

FIG. 7(B) shows a configuration in which a video signal is supplied through 
the second latch circuit 704 to a video signal line of a pixel and a set current is supplied 
from the current source through a changing over circuit to a current output line which is 
connected to the pixel. In FIG. 7(B), the switch 705 is not required to be disposed. 
15 Then, a video signal is inputted from the second latch circuit 704 to the pixel through 
video lines B m , B (m + 1>, and B (m + 2 y The other configuration are similar to the ones in 
FIG. 7(A), therefore, the description is omitted here. 

In this embodiment mode, by providing the first shift register 701 for 
controlling a set signal and the second shift register 702 for controlling a latch circuit, 
20 operations of the first shift register 701 and the second shift register 702 can be 
performed completely independently. For example, the second shift register 702 can 
be operated at a high rate while the first shift register 701 is operated at a low rate. In 
this manner, by operating the first shift register 701 at a low rate, a set operation of the 
current source 710 can be performed accurately. 
25 Further, the variations of signal current can be almost completely removed by 

using the current source for supplying a set current and the changing over circuit. 
Therefore, a display unevenness of the light emitting device can be almost completely 
removed by the signal line driver circuit in this embodiment mode. 
[Embodiment Mode 6] 

30 A specific example of the configuration of a signal line driver circuit in which 
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the first latch circuit 802 and the second latch circuit 803 each has a current source, that 
is different than Embodiment Modes 2 to 4. 

FIG. 8 is a schematic diagram of a signal line driver circuit 830 in the 
periphery of signal lines of from m-th column to (m + 2)th column. The signal line 
5 driver circuit comprises a shift register 801, a first latch circuit 802, a second latch 
circuit 803, a first current source 810 of the first latch circuit, a second current source 
815 of the second latch circuit, and a changing over circuit 811, and switches 805 and 
806 are provided. A set signal is inputted from the changing over circuit 811 through 
current output lines S m , S( m + 1), and S( m + 2) to a pixel. 

10 The first current source 810 of the first latch circuit 802 is inputted with a set 

signal and supplied with a predetermined current (signal current) from a video signal 
constant current source 809. This set signal corresponds to a latch pulse supplied from 
the shift register 801 or from outside. The switch 805 is provided between the first 
current source 810 and the second current source 815, and ON/OFF of the switch 805 is 

15 controlled by a latch pulse. 

The second current source 815 of the second latch circuit is inputted with a set 
signal and holds a current (set current) supplied from the first current source 810. This 
set signal corresponds to a latch pulse. The switch 806 is provided between the second 
current source 815 and the changing over circuit, and ON/OFF of the switch 806 is 

20 controlled by a latch pulse and inputted with an inverted signal to the first switch 805. 

When a High video signal is inputted to a switch 806, a set current is supplied 
from the second current source 815 to a signal line as in Embodiment Mode 2. On the 
other hand, when a Low video signal is inputted to the switch 806, a set current is not 
supplied to the signal line. That is to say, the second current source 815 has a function 

25 (V G s) to supply a set current, and whether or not to supply a set current to the pixel is 
controlled by the switch 806. 

After that, an electrical connection between the second current source and the 
signal line is changed over in each certain period by the changing over circuit 811. 

The first current source 810 and the second current source 815 can arbitrarily 

30 employ any of the configurations of the current sources shown in FIGS. 3 and 4. Also, 
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the current source circuit may employ different configurations in combination as well as 
employing a single configuration. 

According to this embodiment mode, a current source can be disposed in the 
latch circuit, therefore, the area occupied by a signal line driver circuit can be scaled 
5 down. Further, narrower frame of a light emitting device can be achieved. 

In this manner, the variations of signal current can be almost completely 
removed by using the current source circuit for supplying a set current and the changing 
over circuit. Therefore, a display unevenness of the light emitting device can be 
almost completely removed by the circuit of the invention. 
10 [Embodiment Mode 7] 

A specific example of a configuration of a signal line driver circuit having a 
pair of current sources in a latch circuit, that is different than Embodiment Modes 2 to 5 
is described. 

FIG. 9 is a schematic diagram of a signal line driver circuit 930 in the 

15 periphery of three signal lines of from m-th column to (m + 2)th column. The signal 
line driver circuit comprises a shift register 901, a latch circuit 902, and a changing over 
circuit 911. The latch circuit 902 comprises a first current source 910 and a second 
current source 915. A set signal is inputted from the changing over circuit 911 through 
current output lines S m , S( m + 1), and S( m + 2) to a pixel. 

20 A first switch 905 is controlled by a sampling pulse inputted from the shift 

register 901. A second switch 906 and a third switch 907 are controlled by a latch 
pulse. The second switch 906 and the third switch 907 are inputted with inverted 
signals to each other. According to this embodiment mode as described above, a set 
operation can be performed in one of the first current source 910 and the second current 

25 source 915 while an input operation is performed in the other. 

A set signal is inputted to the first current source 910 and the second current 
source 915 from the shift register 910, and a predetermined signal current is supplied 
from a video signal constant current source 909 through a video line. The set signal 
corresponds to a signal supplied from an output terminal of a logic operator. As for the 

30 logic operator, a sampling pulse from the shift register 901 is inputted to one of the 



current sources while a latch pulse is inputted to the other current source circuit. The 
logic operator supplies a signal by performing logical operations of inputted two signals. 
In this embodiment mode, current source is set in accordance with the signal supplied 
from the output terminal of the logic operator. 
5 As in Embodiment Mode 2, when a High video signal is inputted to a switch 

907, a set current is supplied from the first current source 910 or the second current 
source 915 to a signal line. On the other hand, when a Low video signal is inputted to 
the switch 907, a set current is not supplied to the signal line. That is to say, the 
current source 910 or the second current source 915 has a function (Vgs) to supply a set 
10 current, and whether or not to supply a set current to the pixel is controlled by the 
switch 907. 

After that, an electrical connection between the first current source 910 or the 
second current source 915 and the signal line is changed over in each certain period by 
the changing over circuit 911. 
15 The first current source 910 and the second current source 915 in this 

embodiment mode can arbitrarily employ any of the circuit configurations of the current 
source circuits shown in FIGS. 3 and 4. Each current source circuit may employ 
different configurations in combination as well as employing a single configuration. 

By providing the first current source 910 and the second current source 915 to 
20 each signal line, a set operation for setting a signal current and an input operation to the 
signal lines which are electrically connected by the changing over circuit 911 can be 
performed at the same time. 

In this manner, the variations of signal current can be almost completely 
removed by using the current source circuit for supplying a set current and the changing 
25 over circuit. Therefore, a display unevenness of the light emitting device can be 
almost completely removed by the circuit of the invention. 
[Embodiment Mode 8] 

A specific example of a configuration of a signal line driver circuit which is 
different than Embodiment Modes 2 to 6 is described. 
30 FIG. 10A shows a first signal line driver circuit 1001, a second signal line 



driver circuit 1002, a first changing over circuit 1003, a second changing over circuit 
1004, a pixel portion 1005, a current source 1006 of the first signal line driver circuit 
1001, and a current source 1007 of the second signal line driver circuit 1002. A set 
signal is inputted from the first changing over circuit 1003 and the second changing 
5 over circuit 1004 through current output lines S m , S( m + 1), and S( m + 2) to a pixel. 

The first signal line driver circuit 1001 and the second signal line driver circuit 
1002 can arbitrarily employ any of the configurations of Embodiment Modes 2 to 6. 
Also, the first signal line driver circuit 1001 and the second signal line driver circuit 
1002 dp not have to have identical configurations, but may employ different 

10 configurations in combination which are described in Embodiment Modes 2 to 6. 

A set current is written to a pixel portion 1005 from a current source 1006 
through signal lines which are electrically connected thereto. The value of this set 
current is small, therefore, it is a problem that a long time is required for writing to the 
pixel. In view of this, in this embodiment mode, a set current supplied from the 

15 current source 1006 is set so that a somewhat large value can be added to the set current 
to be supplied to the pixel and the current source 1007 can supply the added set current. 

Specifically, the value of the set current to be supplied to the pixel is denoted as 
X. At this time, a set current supplied from the current source 1006 is X + Y (X«Y) 
and a set current supplied from the current source 1007 is Y. Then, the value of the set 

20 current flowing through the signal lines of the pixel becomes large as X + Y, and writing 
the pixel can be performed at a higher rate. 

A signal line to be electrically connected to the current source 1006 is changed 
over by the first changing over circuit 1003 and a signal line to be electrically connected 
to the current source 1007 is also changed over by the second changing over circuit 

25 1004. At this time, the current sources 1006 and 1007 which are electrically connected 
to one single line do not have to be disposed in the identical column (position). Note 
that the second changing over circuit 1004 does not have to be provided. 

By providing the first signal line driver circuit and the second signal line driver 
circuit, the time required for writing a signal current can be reduced and the writing to 

30 the pixel can be performed at a higher rate. 
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A signal line driver circuit having a different configuration than the one in FIG. 
10A is described with reference to FIG. 10B. FIG. 10B shows a first signal line driver 
circuit 1011, a second signal line driver circuit 1012, a first changing over circuit 1013, 
a second changing over circuit 1014, a pixel portion 1015, a current source 1016 of the 
5 first signal line driver circuit 1.011, and a current source 1017 of the second signal line 
driver circuit 1012. 

In FIG. 10B, a set current supplied from the first current source 1016 is 
supplied to the second current source 1017 to perform a set operation of the second 
current source 1017. The other configuration is similar to that of FIG. 10A, therefore, 
10 the description is omitted here. 

According to the configuration shown in FIG. 10B, an area occupied by the 
second signal line driver circuit 1012 can be reduced while the pixel portion can occupy 
a larger area. By providing the first signal line driver circuit and the second signal line 
driver circuit, the time required for writing the signal current to the pixel can be 
15 shortened. 

The variations of signal current can be almost completely removed by using the 
current source for supplying a set current and the changing over circuit. Therefore, a 
display unevenness of the light emitting device can be almost completely removed by 
the signal line driver circuit in this embodiment mode. 

20 [Embodiment Mode 9] 

As shown in FIG. 11, the changing over circuit of the invention is not limited 
to be connected to three output lines of which current sources are disposed adjacently 
(for example, signal lines. Hereinafter description is made as signal lines) as long as 
two or more signal lines are provided and an electrical connection between the power 

25 supply and the signal line is changed over in each certain period. A connecting 
configuration of a changing over circuit which is different than FIG. 11 is described in 
this embodiment mode with reference to FIG. 12. 

FIG. 12 shows a changing over circuit 1230 in the periphery of signal lines of 
m-th column to (m + 4)th column, and a plurality of current sources Q, C( n + 1), Q n + 2> 

30 C(n + 3), and Q n + 4). The changing over circuit shown in FIG. 12 is different in 
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configuration than the one in FIG. 11 in the respect that each signal line is connected to 
every other current source. For example, as for a signal line S( m + 2 ), among first to 
third analog switches connected to the signal line S( m + 2), the first analog switch is 
connected to the current source Q, the second analog switch is connected to the current 
5 source Q n + 2), and the third analog switch is connected to the current source C(„ + 4). 

As described above, the signal input lines A(l) to A(l + 2) and A(l)b to A(l + 
2)b are each inputted with an inverted signal and selected sequentially. An analog 
switch connected to the selected signal input line is turned ON and a current source 
connected to the analog switch which is turned ON and a signal line are electrically 

10 connected, thus a set current is supplied from the current source to the signal line. 

As in this embodiment mode, a signal line and a current source may be 
connected at some distance in the changing over circuit. Also, in the changing over 
circuit, the more the current sources are connected to the signal line, the more uniform 
set current can be supplied to the signal line because many current sources can be used 

15 to change over the electrical connection. 
[Embodiment Mode 10] 

In this embodiment mode, a configuration having a group of current source 
circuit including a plurality of current sources as shown in FIG. 1(B), a changing over 
circuit provided with a group of analog switches including a plurality of analog switches, 

20 and an output line through which a set current is supplied (for example, a signal line. 
Hereinafter description is made as a signal line), that is different than those in FIGS. 11 
and 12 is described with reference to FIG. 13. 

FIG. 13 shows a changing over circuit 1330 in the periphery of signal lines of 
m-th column to (m + 5)th column and a plurality of current sources, similarly to FIG. 12. 

25 The changing over circuit shown in FIG. 13 is different than those in FIGS. 11 and 12 in 
configuration in the respect that a group of current source circuit 1301 including a 
plurality of current sources (three current sources in FIG. 13) and a group of analog 
switches 1302 including a plurality of analog switches (three analog switches in FIG. 
13) are shown. The other configurations are similar to the one in FIG. 12, therefore, 

30 the description is omitted here. 
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Similarly to the aforementioned operations, in each group of current source 
circuit, the signal input lines A(l) to A(l + 2) and A(l)b to A(l + 2)b are each inputted 
with an inverted signal and selected sequentially. An analog switch connected to the 
selected signal input line is turned ON and a current source connected to the analog 
5 switch which is turned ON and a signal line are electrically connected, thus a set current 
is supplied from the current source to the signal line. 

By providing current sources and analog switches in groups like the group of 
current source circuit 1301 and the group of analog switches 1302, it can be avoided 
that connecting wirings between the analog switches and current sources become 

10 complicated. Further, in order to reduce the variations among the group of current 
source circuits 1301 and among the group of analog switches 1302, the second changing 
over circuit may be disposed between the group of current source circuits and the group 
of analog switches. Note that the current sources in the group of current source 
circuits and the analog switches in the group of analog switches may be provided as 

15 many as required as far as they are provided in plural numbers. 
[Embodiment Mode 11] 

In this embodiment mode, a driving method of a circuit including a method of 
operation that a current source circuit performs a set operation and a method of 
operation to change over an electrical connection between a current source and an 

20 output line (for example, a signal line. Hereinafter description is made as a signal line) 
is described. 

As for the driving method, there is a driving method in which one frame period 
is not divided (here described as a full frame method) and a driving method in which 
one frame period is divided into a plurality of subframes (here described as a subframe 
25 method). In this embodiment mode, the full frame method is described with reference 
to FIG. 14. 

FIG. 14(A) shows frame periods Fl to F3 in which scan lines (Gate Line) are 
selected from the first row (1st) to the last row (last), a write period Ta in which current 
(set current) is inputted to a pixel in each frame period, and a period Tc provided at the 
30 beginning or the end of each frame period (provided at the end in FIG. 14). 
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FIG. 14(B) shows a timing (wave shape) of High or Low of a signal inputted to 
signal input lines A(l) to A(l + 2) and A(l)b to A(l + 2)b. Note that signals inputted to 
the signal input lines A(l), A(l + 1), and A(l + 2) and signals inputted to the signal input 
lines A(l)b, A(l + l)b, and A(l + 2)b are inverted signals to each other. Then, a period 
5 (timing) in which a signal inputted to the signal line is changed over is provided in each 
period Tc. 

FIG. 14(C) shows a method of operation in which a current source circuit 
performs a set operation, that is a timing (wave shape) of High or Low of a set signal 
(signal) inputted to a current source. When the set signal becomes High, a set 
10 operation is performed to each current source. In the case of performing a set 
operation to each current source sequentially and the setting of all the current sources 
cannot be completed, it may be performed in the periods Tc in a plurality of frame 
periods. 

It should be noted that setting of a current source of an arbitrary place (column) 

15 may be performed in each frame. In FIG. 14(C), for example, a High set signal may 
be inputted to a current source of i-th column may be performed in a period Tc of a first 
frame, a current source of j-th column in a period Tc of a second frame, and a current 
source of k-th column in a period Tc of a third frame to perform a set operation. 

In the frame period Fl, signal input lines A(l) and A(l)b are selected and analog 

20 switches connected to these are turned ON, thus a current source connected to the 
analog switches which are turned ON and a signal line are electrically connected. In 
the write period Ta, current (set current) is outputted to a signal line which is electrically 
connected to each current source and a set signal is inputted in the period Tc to perform 
a set operation to each current source. At this time, a set operation may be performed 

25 to a current source of any place and of any number. 

In the frame period F2, signal input lines A(l + 1) and A(l + l)b are selected 
and analog switches connected to these are turned ON, thus current sources connected 
to the analog switches which are turned ON and signal lines are electrically connected. 
In the write period Ta, current (set current) is outputted to a signal line which is 

30 electrically connected to each current source and a set signal is inputted in the period Tc 
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to perform a set operation to each current source. At this time, a set operation may be 
performed to a current source of any place and of any number. 

In the frame period F3, signal input lines A(l + 2) and A(l + 2)b are selected 
and analog switches connected to these are turned ON, thus a current source connected 
5 to the analog switches which are turned ON and a signal line are electrically connected. 
In the write period Ta, current (set current) is outputted to a signal line which is 
electrically connected to each current source and a set signal is inputted in the period Tc 
to perform a set operation to each current source. At this time, a set operation may be 
performed to a current source of any place and of any number. 

10 In the period Tc, an operation (timing) to perform a set operation to current 

source and an operation (timing) to change over an electrical connection by the 
changing over circuit may be performed at the same time or one of them prior to the 
other. Further, the order and length of the period Tc is not particularly limited, 
however, it is required to be provided so as not to overlap the write period. 

15 As described above, even when a set current varies, a display appears uniform 

to human eyes by a method of operation in which a changing over operation and a set 
operation are performed in a short period Tc. Therefore, a display unevenness of a 
light emitting device can almost completely removed by a driving method of a signal 
line driver circuit of the invention. 

20 [Embodiment Mode 12] 

In this embodiment mode, in the subframe method a driving method of a circuit 
including a method of operation that a current source circuit performs a set operation 
and a method of operation to change over an electrical connection between a current 
source and an output line (for example, a signal line. Hereinafter description is made 

25 as a signal line) is described with reference to FIG. 15. 

FIG. 15(A) shows frame periods Fl and F2 including a frame period in which 
scan lines (Gate Line) are selected from the first row (1st) to the last row (last) is 
divided into three subframes: SF1, SF2, and SF3, write periods Tal, Ta2, and Ta3 in 
which current (set current) is inputted to a pixel in each subframe period, and periods 

30 Tel, Tc2, and Tc3 provided at the beginning or the end of each subframe period 
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(provided at the end of a frame in FIG. 15). 

FIG. 15(B) shows a timing (wave shape) of High or Low of a signal inputted to 
signal input lines A(l) to A(l + 2) in the changing over circuit. Similarly to FIG. 14, 
inverted signals of the signal input lines A(l), A(l + 1), and A(l + 2) are inputted to the 
5 signal input lines A(l)b, A(l + l)b, and A(l + 2)b through not shown in FIG. 15(B). 
And then a period (timing) in which a signal inputted to the signal line is changed over 
is provided in each of the periods Tel to Tc3. 

FIG. 15(B)' shows an example that an order in which High or Low of a signal 
inputted to a signal input line is inputted, in other words that an order of selecting the 

10 signal input line is different. As compared to a method of operation in which the order 
of selecting the signal lines is fixed (in all SF1, A(l) is ON, in all SF2, A(l + 1) is ON, 
and in all SF3, A(l + 2) is ON in each frame) from the subframe period SF1 to SF3 as 
shown in FIG. 15(B), a method of operation in which the order of selecting the signal 
input line is different in each subframe period as shown in FIG. 15(B)' can suppress 

15 variations of set current more, thus a uniform display can be obtained. 

FIG. 15C shows a method of operation in which a current source circuit 
performs a set operation, that is a timing (wave shape) of High or Low of a set signal 
(signal) inputted to a current source is described. In FIG. 15C, a High set signal is 
inputted in each subframe SF1 only. 

20 In addition, in FIG. 15C, a High set signal is inputted in each subframe period 

SF1 to SF3, that is different from FIG. 15C\ 

As described above, in case that a subframe method is used, longer time can be 
set for other periods than the write period as compared to a full frame method. 
Therefore, a period for setting a signal current can be set long. In the method of 

25 operation in FIG. 15C, a period in which a High set signal is inputted is the longest. 

In this embodiment mode, current source of an arbitrary place (column) may be 
set in each subframe as in FIG. 14. In case that a set operation is performed to each 
current source sequentially and that a setting of all the current sources is not completed, 
it may be performed in the periods Tc in a plurality of frame periods. 

30 Note that the method of operation of the signal input lines shown in FIG. 15(B) 
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or 15(B)' and the method of operation of the set signals shown in FIG. 15C or 15C 
may be combined in any way. 

Further, a period in which High of a set signal is inputted may be provided so 
as not to overlap the periods Tel to Tc3. In that case, after a set operation to a current 
5 source circuit is finished, an electrical connection between the current source circuit and 
a signal line can be changed over by a changing over circuit. Thus, a malfunction of a 
circuit is reduced and a current (set current) can be certainly inputted to a pixel. 

In this manner, in the case of driving by the subframe method, a period for 
setting a signal current can be long and an accurate set current can be supplied. 
10 [Embodiment Mode 13] 

In this embodiment mode, a driving method of a circuit including a method of 
operation that a current source circuit performs a set operation and a method of 
operation to change over an electrical connection between a current source and an 
output line (for example, a signal line. Hereinafter description is made as a signal line) 
15 in the case of providing two signal line driver circuits as in Embodiment Mode 7 is 
described. 

In the signal line driver circuit as described in Embodiment Mode 7, a timing 
of a High set signal in FIGS. 14 and 15 is divided into two (for example, the first half 
and last half). In one of them, a current source of a first signal line driver circuit may 
20 be set while in the other one a current source of a second signal line driver circuit is set. 

The methods of operation of the other signal lines and set signals are the same 
as described in Embodiment Mode 10 or 11, therefore, the description is omitted here. 

The variations of signal current can be almost completely removed by the 
method of operation in this embodiment mode. Therefore, a display unevenness of the 
25 light emitting device can be almost completely removed by the driving method of the 
signal line driver circuit in this embodiment mode. 
[Embodiment Mode 14] 

In this embodiment mode, a configuration example of a circuit of a pixel 
provided in a pixel portion is described with reference to FIG. 16. 
30 A pixel shown in FIG. 16(A) comprises a signal line 1601, first and second 
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scan lines 1602 and 1603, a power supply line 1604, a first transistor 1605 for switching, 
a second transistor 1606 for holding, a third transistor 1607 for driving, a fourth 
transistor 1608 for convert driving, a capacitor 1609, and a light emitting element 1610. 
Note that each signal line is connected to a current source circuit 1640. 
5 A gate electrode of the first transistor 1605 is connected to the first scan line 

1602, a first electrode thereof is connected to the signal line 1601, and a second 
electrode thereof is connected to a first electrode of the third transistor 1607 and a first 
electrode of the fourth transistor 1608. A gate electrode of the second transistor 1606 
is connected to the second scan line 1603, a first electrode thereof is connected to a 

10 second electrode of the first transistor 1605 and a first electrode of the fourth transistor 
1608, and a second electrode thereof is connected to a gate electrode of the third 
transistor 1607 and a gate electrode of the fourth transistor 1608. A second electrode 
of the third transistor 1607 is connected to the power supply line 1604 and a second 
electrode of the fourth transistor 1608 is connected to one of electrodes of the light 

15 emitting element 1610. The capacitor 1609 is connected between the gate electrode of 
the fourth transistor 1608 and the second electrode thereof and holds a gate-source 
voltage of the fourth transistor 1608. The power supply line 1604 and the other 
electrode of the light emitting element 1610 are each inputted with a predetermined 
potential, having a potential difference to each other. 

20 A pixel shown in FIG. 16(B) comprises a signal line 1611, first and second 

scan lines 1612 and 1613, a power supply line 1614, a first transistor 1615 for switching, 
a second transistor 1616 for holding, a third transistor 1617 for driving, a fourth 
transistor 1618 for convert driving, a capacitor 1619, and a light emitting element 1620. 
Note that each signal line is connected to a power supply circuit 1641. 

25 A gate electrode of the first transistor 1615 is connected to the first scan line 

1612, a first electrode thereof is connected to the signal line 1611, a second electrode 
thereof is connected to a first electrode of the third transistor 1617 and a first electrode 
of the fourth transistor 1618. A gate electrode of the second transistor 1616 is 
connected to the second scan line 1613, a first electrode thereof is connected to the first 

30 electrode of the third transistor 1617, and a second electrode thereof is connected to a 
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gate electrode of the fourth transistor 1618 and the gate electrode of the fourth transistor 
1618. A second electrode of the fourth transistor 1618 is connected to the power 
supply line 1614, and a second electrode of the third transistor 1617 is connected to one 
of electrodes of the light emitting element 1620. The capacitor 1619 is connected 
5 between the gate electrode of the fourth transistor 1618 and the second electrode thereof 
and holds a gate-source voltage of the fourth transistor 1618. The power supply line 
1614 and the other electrode of the light emitting element 1620 are each inputted with a 
predetermined potential, having a potential difference to each other. 

A pixel shown in FIG. 16(C) comprises a video line 1621, a first scan line 1622, 

10 a second scan line 1623, a third scan line 1635, a first power supply line 1624, a second 
power supply line (current line) 1638, a first transistor 1625 for switching, a second 
transistor 1626 for erasing, a third transistor 1627 for driving, a capacitor 1628, a fourth 
transistor 1629 for current source, a fifth transistor 1630 for a current mirror circuit, a 
capacitor 1631, a sixth transistor 1632 for current input, a seventh transistor 1633 for 

15 holding, and a light emitting element 1636. Note that each signal line is connected to a 
power supply circuit 1641. 

A gate electrode of the first transistor 1625 is connected to the first scan line 
1622, a first electrode of the first transistor 1625 is connected to the video line 1621, a 
second electrode of the first transistor 1625 is connected to a gate electrode of the third 

20 transistor 1627 and a first electrode of the second transistor 1626. A gate electrode of 
the second transistor 1626 is connected to the second scan line 1623 and a second 
electrode of the second transistor 1626 is connected to the first power supply line 1624. 
A first electrode of the third transistor is connected to one of electrodes of the light 
emitting element 1636 and a second electrode of the third transistor 1627 is connected 

25 to a first electrode of the fourth transistor 1629. A second electrode of the fourth 
transistor 1629 is connected to the first power supply line 1624. One of electrodes of 
the capacitor 1631 is connected to a gate electrode of the fourth transistor 1629 and a 
gate electrode of the fifth transistor 1630 while the other is connected to the first power 
supply line 1624. A first electrode of the fifth transistor 1630 is connected to the first 

30 power supply line 1624 and a second electrode of the fifth transistor 1630 is connected 
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to a first electrode of the sixth transistor 1632. A second electrode of the sixth 
transistor 1632 is connected to the second power supply line 1638 and a gate electrode 
of the sixth transistor 1632 is connected to the third scan line 1635. A gate electrode 
of the seventh transistor 1633 is connected to the third scan line 1635, a first electrode 
5 of the seventh transistor 1633 is connected to the second power supply line (current 
line) 1638, and a second electrode of the seventh transistor 1633 is connected to the gate 
electrode of the fourth transistor 1629 and the gate electrode of the fifth transistor 1630. 
The first power supply line 1624 and the other of electrodes of the light emitting 
element 1636 are each inputted with a predetermined potential, having a potential 
10 difference to each other. 

According to such pixel configuration and current source to suppress variations 
of the transistors, a light emitting device which displays an image of higher precision 
without display unevenness can be provided. 
[Embodiment] 
15 [Embodiment 1] 

In this embodiment, a structure of the light emitting device of the invention is 
described with reference to FIG. 17. 

The light emitting device of the invention comprises on a substrate 431 a pixel 
portion 432 over which a plurality of pixels are disposed in matrix, a signal line driver 
20 circuit 433 of the invention, a first scan line driver circuit 434 and a second scan line 
driver circuit 435 in the periphery of the pixel portion 432. In FIG. 17(A), the signal 
line driver circuit 433 and two pairs of the scan line driver circuits 434 and 435 are 
provided, however, the invention is not limited to this and can be arbitrarily designed 
according to a pixel configuration. Further, a signal is supplied from outside to the 
25 signal line driver circuit 433, the first scan line driver circuit 434 and the second scan 
line driver circuit 435 through an FPC 436. 

Configurations of the first scan line driver circuit 434 and the second scan line 
driver circuit 435 are described with reference to FIG. 17(B). The first scan line driver 
circuit 434 and the second scan line driver circuit 435 comprise a shift register 437 and 
30 a buffer 438. To describe the operation briefly, the shift register 437 outputs a 
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sampling pulse sequentially in accordance with a clock signal (G-CLK), a start pulse 
(S-SP), and a clock inverted signal (G-CLKb). After that, the sampling pulse 
amplified in the buffer 438 is inputted to a scan line and selects each row. A signal 
current is sequentially supplied from a signal line to a pixel which is controlled by the 
5 selected scan line. 

Note that a level shifter circuit may be disposed between the shift register 437 
and the buffer 438. By disposing the level shifter circuit, a voltage amplitude can be 
higher. 

Further, current sources provided in the signal line driver circuit of the 
10 invention do not have to be disposed in alignment, but may be disposed to misaligned in 
the signal line driver circuit. Moreover, two signal line driver circuits may be provided 
symmetrically to a pixel portion. In the signal line driver circuits provided 
symmetrically in this manner, the numbers of current source circuit or the other circuit, 
and wiring of the signal line driver circuit are reduced by half, therefore, a density of the 
15 circuits to one another is reduced by half as well. Thus, production yield can be 
improved. That is to say, the signal line driver circuit of the invention is not limited in 
the alignments of current source circuit or signal line connected thereto as long as the 
signal line driver circuit is connected to the current source circuit and the signal line 
through the changing over means. 
20 [Embodiment 2] 

In this embodiment, devices in the case of performing a color display are 
described. 

In the case where a light emitting element is an organic EL element, it is 
sometimes the case that the luminance varies depending on color even when the same 

25 amount of current is supplied to the light emitting element. Further, in the case where 
the light emitting element decays over time or due to other reasons, the degree of the 
decay varies depending on color. Therefore, when performing a color display by a 
light emitting device using a light emitting element, various devices are required in 
order to control the white balance. 

30 The simplest way is to change the amount of current to be inputted to the pixel 
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depending on color. In order to do that, the amount of current of a reference constant 
current source may be changed depending on color. 

One of the other ways is to use the circuits shown in FIGS. 3(C) to 3(E) in the 
pixel, signal line driver circuit, reference constant current source and the like. In the 
5 circuits shown in FIGS. 3(C) to 3(E), the ratio of W/L of two transistors forming a 
current mirror circuit is changed depending on color. Thus, the amount of current to 
be inputted to the pixel can be changed depending on color. 

Furthermore, another way is to change the length of light emission period 
depending on color. This way can be applied to both the case of using a time gray 
10 scale method and the case without the time gray scale method. According to this way, 
luminance of each pixel can be controlled. 

By using one of the aforementioned ways or in combination, the white balance 
can be easily controlled. 
[Embodiment 3] 

15 Electronic apparatuses using the light emitting device of the invention include a 

video camera, a digital camera, a goggle type display (head mounted display), a 
navigation system, an audio reproducing apparatus (a car audio, an audio component 
system and the like), a notebook type personal computer, a game machine, a portable 
information terminal (a mobile computer, a portable phone, a portable game machine, 

20 an electronic book and the like), an image reproducing apparatus provided with a 
recording medium (specifically, apparatus provided with a display device capable of 
reproducing the recording medium such as a Digital Versatile Disk (DVD), etc. and 
displaying the image thereof) and the like. In particular, the portable information 
terminal which is often viewed at an oblique angle is preferable to be applied a light 

25 emitting device because of emphasis on a width of viewing angle. Specific examples 
of these electronic apparatuses are shown in FIG. 18. 

FIG. 18(A) illustrates a light emitting device including a housing 2001, a 
support base 2002, a display portion 2003, speaker portions 2004, a video input terminal 
2005 and the like. The light emitting device of the invention can be used in the display 

30 portion 2003. According to the invention, the light emitting device shown in FIG. 
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18(A) is completed. The light emitting device is a self-luminous type, therefore, it 
does not require a backlight, which allows the display portion to be thinner than a liquid 
crystal display. Note that the light emitting device refers to all light emitting devices 
for displaying information, including ones for personal computers, for TV broadcasting 
5 reception, and for advertisement. 

FIG. 18(B) illustrates a digital still camera including a body 2101, a display 
portion 2102, an image receiving portion 2103, operating keys 2104, an external 
connecting port 2105, a shutter 2106 and the like. The light emitting device of the 
invention can be used in the display portion 2102. 

10 FIG. 18(C) illustrates a notebook type personal computer including a body 

2201, a housing 2202, a display portion 2203, a keyboard 2204, an external connecting 
port 2205, a pointing mouse 2206 and the like. The light emitting device of the 
invention can be used in the display portion 2203. 

FIG. 18(D) illustrates a mobile computer including a body 2301, a display 

15 portion 2302, a switch 2303, an operating key 2304, an infrared port 2305 and the like. 
The light emitting device of the invention can be used in the display portion 2302. 

FIG. 18(E) illustrates a portable image reproducing apparatus (specifically a 
DVD reproducing apparatus) provided with a recording medium, including a body 2401, 
a housing 2402, a display portion A 2403, a display portion B 2404, a recording 

20 medium (such as DVD) reading portion 2405, an operating key 2406, a speaker portion 
2407 and the like. The display portion A 2403 mainly displays image data while the 
display portion B 2404 mainly displays text data. The light emitting device of the 
invention can be used in both of the display portions A, B 2403 and 2404. Note that 
the image reproducing apparatus provided with a recording medium includes a home 

25 game machine and the like. 

FIG. 18(F) illustrates a goggle type display (head mounted display) including a 
body 2501, a display portion 2502, and an arm portion 2503. The light emitting device 
of the invention can be used in the display portion 2502. 

FIG. 18(G) illustrates a video camera including a body 2601, a display portion 

30 2602, a housing 2603, an external connecting port 2604, a remote control receiving 
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portion 2605, an image receiving portion 2606, a battery 2607, an audio input portion 

2608, operating keys 2609 and the like. The light emitting device of the invention can 

be used in the display portion 2602. 

Here, FIG. 18(H) illustrates a portable phone including a body 2701, a housing 
5 2702, a display portion 2703, an audio input portion 2704, an audio output portion 2705, 

an operating key 2706, an external connecting port 2707, an antenna 2708 and the like. 

the light emitting device of the invention can be used in the display portion 2703. 

Note that current consumption of the portable phone can be suppressed by displaying 

white text on a black background. 
10 Provided that a light emission luminance of a light emitting material becomes 

high in the future, the light including outputted image data can be expanded and 

projected to be used for a front or rear projector. 

Furthermore, the aforementioned electronic apparatuses are becoming to be 

used for displaying information distributed through a telecommunication path such as 
15 Internet, a CATV (cable television system), and in particular for displaying moving 

picture information. The display device is suitable for displaying moving pictures 

since the light emitting material can exhibit high response speed. 

It is preferable to display data with as small light emitting portion as possible 

because the light emitting device consumes power in the light emitting portion. 
20 Therefore, in the case of using the light emitting device in the display portions of the 

portable information terminal, in particular a portable phone or an audio reproducing 

device which mainly display text data, it is preferable to drive so that the text data is 

formed by a light emitting portion with a non-light emitting portion as a background. 

As described above, the application range of the invention is quite wide and the 
25 invention can be used in various fields of electronic apparatuses. The electronic 

apparatuses described in this embodiment can use any of the configuration of the signal 

line driver circuits and the pixel configurations described in Embodiment Modes 1 to 

13. 



